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the phagocytic receptors often leads to uptake of the microorganisms, a process called nonopsonic phagocytosis (27) .
Leishmaniasis is initiated by the bite of an infected sand fly and the deposition of the promastigote form of the parasites in the skin of the vertebrate hosts. The principal host cells of these obligate intracellular parasites are mononuclear phagocytes. The elimination of the intracellular parasites depends on the activation of the antimicrobial effector mechanisms in the infected macrophages (for a review, see reference 34). Although macrophages are the major host cells for Leishmania, we and others have demonstrated that neutrophil granulocytes prevail within the first hours after infection in the skin and thus represent the first leukocyte population migrating to the site of infection (25, 37) . Although the role of PMN in defense against many extracellular bacteria is well established, their role in the early response to intracellular pathogens such as Leishmania is poorly understood. On the one hand, PMN were reported to exert antileishmanial activity by phagocytosing and killing of Leishmania promastigotes (9, 28) , thus playing a role in the early control of these parasites (20) . On the other hand, an early wave of PMN was found to be associated with the development of a disease-promoting Th2 response in mice susceptible to L. major (38) .
In the present study, the interactions between highly purified human PMN and L. major promastigotes were investigated. We showed that PMN possess mechanisms for both the opsonin-dependent and the opsonin-independent phagocytosis of Leishmania. Opsonin-dependent uptake leads to PMN activa-tion and killing of the intracellular parasites, while Leishmania parasites escape intracellular killing in PMN after opsoninindependent uptake in vitro. The in vitro findings that show the survival of L. major in PMN were confirmed in vivo by the detection of intact intracellular parasites in PMN isolated from the skin of mice infected with L. major.
at 37°C in humidified air with 5% CO 2 for 24 h to allow the intracellular killing of parasites by PMN. The viability of ingested parasites was subsequently assessed by using a limiting-dilution culture assay for Leishmania as described previously (19) . Briefly, serial twofold dilutions of sorted PMN were plated in 96-well flat-bottom microtiter plates containing 50 l of NNN blood agar and 100 l of RPMI 1640 medium supplemented with 10% FCS. The plates were then incubated at 27°C in a 5% CO 2 humidified atmosphere for 1 week to allow the growth of Leishmania. The wells were assessed microscopically for growth of promastigotes. The number of viable Leishmania organisms in the sorted PMN preparations was calculated by assessing the last PMN dilution resulting in parasite growth and considering the average plating efficiency of 10 promastigotes as determined for L. major previously.
Acridine orange-ethidium bromide staining was applied to visualize the viability of intracellular L. major in PMN as described previously (19, 36) . PMN were coincubated with L. major promastigotes for 3 h in culture medium containing 20% heat-inactivated FCS. PMN were separated from nonphagocytosed free Leishmania and cultivated for 24 h at 37°C. The cells were then stained with 2.5 mg of acridine orange (Sigma) per ml and 25 mg of ethidium bromide (Sigma) per ml for 10 min at room temperature, washed twice in PBS, fixed in 1% paraformaldehyde, and visualized under a fluorescence microscope (Axioskop 2; Carl Zeiss, Oberkochen, Germany).
Blocking of CR3. PMN were preincubated with 10 g of rat anti-mouse CD11b monoclonal antibody (MAb) (integrin ␣ M chain, Mac-1 chain) per ml without sodium azide (clone M1/70; BD/Pharmingen, Heidelberg, Germany) for 20 min at 37°C. The anti-CR3 MAb, M1/70, is a rat immunoglobulin G2b (IgG2b) specific for mouse and human CR3 and blocks the binding of iC3b-coated targets to CR3 (4) . A rat IgG1 isotype control MAb (BD/Pharmingen) was used as a negative control. The cells were washed twice in medium before being coincubated with L. major.
Assessment of PMN activation by flow cytometry analysis. The cell surface expression of CD62L and CD66b was measured as markers for PMN activation. CD62L is known to be downregulated on PMN upon activation (5), while CD66b is expressed at a higher level on activated PMN (17) . PMN were stained with fluorescein isothiocyanate (FITC)-conjugated MAb to human CD66b (clone 80H3; Immunotech, Hamburg, Germany) or phycoerythrin (PE)-conjugated MAb to CD62L (clone Dreg-56; BD/Pharmingen) and analyzed with a FACSCalibur instrument using CellQuest software (Becton Dickinson, San Diego, Calif.). FITC-and PE-conjugated isotype control antibodies were purchased from BD/Pharmingen (mouse IgG1). The PMN isolation technique applied in our studies allowed us to work with non-preactivated PMN, as shown by the high CD62L expression of the cells used in the experiments (see Fig. 4A ). This was achieved by using a method for the isolation of PMN which did not include a hypotonic step for lysing erythrocytes. As reported previously, membrane fragments of lysed erythrocytes stimulate PMN (10) .
Determination of oxidative radical production by PMN. Intracellular production of reactive oxygen radicals was assayed by using the fluorogenic substrate dihydrorhodamine 123 (Medac, Hamburg, Germany), which is fluorescent on interaction with reactive oxygen species (H 2 O 2 and HO ⅐ ) (32) . Briefly, 10 6 PMN were incubated with 20 l of substrate in 100 l. The cells were then fixed in 1 ml of FACS lysing solution (Medac), washed twice in PBS, and stored on ice in the dark until used for flow cytometry analysis. Based on experiments with phorbol myristate acetate-stimulated PMN, a fluorescence intensity (FL-1) of higher than 10 3 on the arbitrary scale was interpreted as a positive intracellular oxidative burst (data not shown).
Determination of IL-8 production in PMN supernatants by ELISA. Interleukin-8 (IL-8) in the culture supernatants was measured by an enzyme-linked immunosorbent assay (ELISA) (DuoSet ELISA Development System; R&D Systems, Wiesbaden, Germany) as specified by the manufacturer.
Subcutaneous air pouch technique. Female BALB/c mice were obtained from Charles River Breeding Laboratories (Sulzfeld, Germany) and used at 8 to 12 weeks of age. Air pouches were raised on the dorsum by subcutaneous injection of 2 ml of sterile air. Then 10 7 L. major promastigotes in 1 ml of PBS were injected into the air pouch. At 24 h after infection, the mice were killed and the exudate cells were washed out of the air pouch with ice-cold PBS. A total of 10 5 exudate cells were centrifuged on microscope slides at 500 rpm for 5 min using a cytocentrifuge (Shandon). The slides were air dried, fixed with methanol, and stained with Giemsa.
RESULTS
PMN possess mechanisms for both serum-dependent and serum-independent phagocytosis of Leishmania promasti-
gotes. PMN were coincubated with L. major promastigotes in culture medium supplemented with fresh or heat-inactivated autologous human serum, with heat-inactivated FCS, or without serum supplement. Uptake of Leishmania could be observed in all cultures; however, the kinetics of phagocytosis was markedly different under the various conditions. In the presence of fresh serum, the uptake of L. major was very rapid; 47.2% Ϯ 13.3% (n ϭ 5) of PMN were parasitized after 10 min.
The ratio of cells with intracellular parasites increased slowly during prolonged incubation and reached a level of 70.5% Ϯ 10.2% (n ϭ 5) after 3 h (Fig. 1) . Heat inactivation of the serum resulted in a significantly slower uptake of L. major promastigotes by PMN. After a 10-min coincubation, not more than 11.3% Ϯ 8% of the cells contained Leishmania. However, over 50% of cells could phagocytose parasites if the coincubation was extended to 3 h (Fig. 1) . In the presence of heat-inactivated FCS, 22.8% Ϯ 10.3% of PMN phagocytosed Leishmania during a coincubation period of 3 h (Fig. 1) .
To examine whether PMN possess mechanisms for the serum-independent direct recognition and uptake of Leishmania, phagocytosis experiments were carried out with medium without serum supplementation. Under serum-free conditions, 10.8% Ϯ 5.7% of PMN were able to phagocytose Leishmania promastigotes during the 3-h incubation (Fig. 1) . These experiments demonstrate that the presence of heat-labile serum factors in the culture medium facilitates the uptake of L. major promastigotes by granulocytes. However, PMN are also able to phagocytose L. major under serum-free conditions, indicating that PMN possess mechanisms for the opsonin-independent uptake of Leishmania as well.
The complement receptor CR3 plays a major role in both serum-dependent and complement-independent uptake of L. major by PMN. As shown above, heat treatment of serum reduced the initial uptake rate of Leishmania to a minimum level (Fig. 1 ). Heat treatment of serum at 56°C for 30 min results in the inactivation of heat-labile serum factors, including components of the complement system. Complement components are therefore likely to contribute to the rapid uptake of Leishmania by PMN. It has been reported that binding of complement-opsonized Leishmania promastigotes to the complement receptor CR3 contributes to the binding and uptake of the parasites by macrophages (21, 22) . Therefore, we investigated whether CR3 was involved in the serum-dependent rapid uptake of Leishmania by PMN. Blocking of CR3 in vitro with anti-CD11b MAb significantly reduced the phagocytosis of L. major promastigotes by PMN compared to the phagocytosis by PMN treated with isotype control antibody ( Fig. 2A) .
In addition to mediating the uptake of complement-opsonized parasites, CR3 plays a major role in the opsonin-independent binding of Leishmania to macrophages (23, 42) . Neutrophil granulocytes have also been shown to possess mechanisms for the CR3-mediated nonopsonic uptake of bacteria (1, 39) . Therefore, the effect of anti-CR3 MAb on the complement-independent uptake of L. major by PMN was analyzed. In vitro blocking of CR3 resulted in a markedly reduced uptake of L. major by PMN in medium containing heat-inactivated FCS (Fig. 2B) .
Opsonization through MBL does not contribute to the serum-dependent uptake of Leishmania by PMN. In the experiments above, treatment of PMN with anti-CR3 antibody resulted in only a partial blocking of uptake of Leishmania. These data suggest that in addition to complement components binding to CR3, other heat-labile serum factors are involved in the uptake of Leishmania by PMN. A candidate heat-labile molecule is MBL, which mediates the lectin pathway of complement activation (37, 38) . MBL was reported to bind to the surface of Leishmania promastigotes (15) . The possible role of MBL was tested in two sets of experiments. First, the uptake of Leishmania by PMN was investigated in the presence of fresh serum obtained from healthy volunteers (MBL content, 2.3 and 2.8 g/ml) as well as from patients with MBL deficiency (MBL content, 16 and 12 ng/ml). The significantly lower MBL concentration in the MBL-deficient sera did not affect the rate of Leishmania uptake; about 60% of PMN could phagocytose Leishmania in the presence of both normal and MBL-deficient serum (Fig. 3A) . To exclude the possibility that the low MBL level (16 and 12 ng/ml) in the MBL-deficient sera still could mediate MBL-dependent uptake, a second set of experiments was carried out. Serum-free medium was supplemented with purified MBL, and the uptake of L. major by PMN was analyzed. Supplementation of the culture medium with purified MBL did not result in increased uptake of Leishmania by PMN (Fig. 3B) . These data indicate that MBL-mediated opsonization has little if any effect on the phagocytosis of Leishmania by PMN.
Only opsonin-dependent uptake of Leishmania activates PMN. Having observed that PMN ingest L. major promastigotes, we investigated whether parasitized PMN are able to activate antimicrobial effector mechanisms and to eliminate the intracellular pathogens. First, the cell surface expression of the activation markers CD62L and CD66b in PMN was analyzed. The expression of CD62L is a widely used marker for PMN activation since it results in the rapid shedding of surface CD62L (5) . Also, the upregulation of CD66b was measured as an additional activation marker on PMN (18) . Coincubation of PMN with L. major in the presence of fresh serum led to PMN activation as demonstrated by the loss of CD62L expression (Fig. 4A ) and increased expression of CD66b (Fig. 4B) . In contrast, similar coincubation in the presence of heat-inactivated FCS or in serum-free medium did not result in the activation of PMN; the cells retained their high expression of CD62L, and the expression of CD66b was not enhanced (Fig. 4) .
To determine whether L. major parasites were able to induce the oxidative burst in PMN, the production of reactive oxygen radicals in PMN was measured after 10 min of coincubation with L. major by using an intracellular staining technique. In the presence of fresh serum, over 40% of the cells responded to the parasites with a strong oxidative burst (Fig.  5 ), compared to only about 10 to 15% of the cells after incubation in medium supplemented with heat-inactivated serum. None of the PMN showed a strong oxidative response when the cells were coincubated with L. major in medium without serum supplement (Fig. 5) .
Induction of a strong oxidative burst in PMN results in the elimination of intracellular L. major, while the parasites sur- vive in inactivated PMN. Next, the effect of PMN activation and the induction of the oxidative burst in PMN on the viability of intracellular parasites was investigated. After coincubation of PMN with L. major promastigotes under various culture conditions, the nonphagocytosed free parasites were separated from the PMN by fluorescence-activated cell sorting. Sorted PMN were subsequently cultivated for 24 h at 37°C to allow the intracellular killing of parasites by PMN. The number of PMNassociated viable parasites was then determined by using a limiting-dilution in vitro culture assay. The number of viable parasites was very small in the PMN samples which had taken up Leishmania in the presence of fresh serum (Fig. 6) . A large number of viable parasites was detected in PMN that phagocytosed the parasites in medium supplemented with heat-inactivated FCS or in medium without serum supplement (Fig. 6) .
Although the uptake rate of L. major under serum-free conditions and in medium containing heat-inactivated FCS was significantly lower than in the presence of fresh serum (Fig. 1) , the viability of the intracellular parasites was much higher after they were internalized in the absence of fresh serum. These in PMN if the uptake had taken place in heat-inactivated serum or in medium without serum supplementation. Acridine orange-ethidium bromide staining was applied to confirm the viability of intracellular L. major in PMN. Previously, this method was shown to detect both viable (greenstained) and killed (red-stained) intracellular Leishmania parasites in viable host cells (19, 36) . PMN were coincubated with L. major promastigotes for 3 h in culture medium containing 20% heat-inactivated FCS, separated from nonphagocytosed free Leishmania, and cultivated for 24 h at 37°C. The cells were then stained with acridine orange and ethidium bromide. Figure 7 shows that intracellular L. major parasites in PMN are viable (green staining) and morphologically intact, since the nuclei and kinetoplasts are clearly seen. These results again show that opsonin-independent uptake of L. major by PMN does not lead to intracellular killing of the parasites.
Leishmania can escape intracellular killing after being internalized by PMN in vivo. The finding that L. major can survive intracellularly in PMN in vitro suggested that this may also occur in vivo in the early phase of infection. To test this hypothesis, L. major promastigotes were injected into subcutaneous air pouches of BALB/c mice. Previous studies demonstrated that L. major induces the migration of PMN into the infected skin within the first few hours after experimental infection of mice (25, 37) . Inflammatory exudate cells were collected from the air pouch 24 h after L. major infection, and Giemsa-stained cytospin slides were assessed for the presence of infected PMN. Intracellular Leishmania parasites were seen in PMN, and these parasites were morphologically intact (Fig.  8) , demonstrating clearly that at least in some PMN the in vivo 
Leishmania induces IL-8 secretion in PMN.
The early inflammatory reaction in infected tissue plays a major role in the development of the specific immune response to Leishmania (for a review, see reference 34). One of the proinflammatory cytokines involved in inflammatory reactions is the chemokine IL-8, of which PMN are a major source (8) . We analyzed whether coincubation of human PMN with L. major under various culture conditions resulted in IL-8 release. Coincubation of PMN with L. major for 24 h in medium with fresh serum led to secretion of high levels of IL-8 (Ͼ3,400 pg/ml) ( Table 1) . The IL-8 release did not occur immediately after activation of PMN by Leishmania, since the IL-8 content in the supernatant after 2 h was low (Table 1) . L. major promastigotes also induced the release of significant amounts of IL-8 in the presence of heat-inactivated FCS (Table 1) . However, no significant levels of IL-8 were induced by Leishmania in medium without serum supplementation (Table 1) .
DISCUSSION
In the present study, the serum-dependent and serum-independent in vitro uptake of Leishmania promastigotes by PMN was described and characterized. Although the uptake of Leishmania by macrophages has been characterized in detail, no such comprehensive study with PMN has been carried out so far. The importance of the interactions between PMN and Leishmania is highlighted by the fact that within the first few hours after infection, PMN, not macrophages, are recruited to the site of subcutaneous Leishmania infection (25, 37) .
Our results show that serum-dependent phagocytosis of L. major leads to PMN activation, resulting in the rapid killing of intracellular parasites. Phagocytosis of L. major in the absence of fresh serum, however, did not lead to PMN activation, and the majority of intracellular parasites survived the first day after being phagocytosed by PMN. The possible biological relevance of these results was underlined by the finding that intact parasites were observed intracellularly in PMN isolated from the skin of mice 24 h after infection with L. major. We have also demonstrated that L. major induced the production of IL-8 by PMN.
In medium containing fresh serum, the majority of PMN ingested L. major within minutes; this was followed by the intracellular killing of the parasites. Heat inactivation of the serum resulted in abolition of the rapid early uptake and of subsequent killing of Leishmania by PMN. Therefore, the rapid uptake which leads to the intracellular killing of L. major promastigotes by PMN depends on the presence of heat-labile serum factors. Heat treatment of serum at 56°C for 30 min inactivates components of the complement system. Complement-mediated opsonophagocytosis by neutrophils is known to involve the complement receptors CR3 and CR1. The functional phagocytic receptor is CR3, while CR1 appears mostly as a coreceptor, facilitating the function of CR3 (46) . In our experiments, the serum-dependent rapid uptake of L. major by PMN could be partially blocked by treatment with anti-CR3 antibody, showing a role of CR3-mediated mechanisms in the uptake of Leishmania by PMN. Since CR3 is stored in the secondary and tertiary granules of PMN, its surface expression is rapidly upregulated on activation of the cell (6). In the presence of serum, L. major was previously shown to activate the alternative pathway of complement, leading to C3b deposition on the surface of L. major promastigotes and CR3-mediated uptake of L. major by macrophages (24, 30) . Our results show the involvement of CR3 in the uptake of L. major by PMN. Therefore, PMN and macrophages are likely to use the same or similar CR3-mediated mechanisms for the uptake of opsonized Leishmania parasites. Treatment of PMN with anti-CR3 antibody resulted in only a partial blocking of serum-dependent Leishmania uptake. Therefore, in addition to CR3, there are certainly other surface molecules involved in the binding of Leishmania parasites to PMN. Antibodies bound to the surface of microorganisms can mediate opsonophagocytosis by PMN mediated by the Fc␥ receptors Fc␥RIIA (CD32) and Fc␥RIIIB (CD16) (46) . Natural antibodies recognizing Leishmania have been found in fresh sera of most vertebrates (31) . The binding of natural antibodies may therefore directly opsonize L. major promastigotes and lead to FcR-mediated phagocytosis of the parasites by PMN in the presence of heat-inactivated serum. Moreover, binding of natural antibodies may activate the classical complement pathway and deposit C3 on the parasite surface, resulting in parasite opsonization.
In addition to components of the complement system, Leishmania promastigotes were shown to interact with and bind to other serum proteins to promote uptake by host macrophages. One heat-labile serum factor which plays an important role in the activation of complement and in the uptake of microorganisms by phagocytes is MBL (43) . MBL can play an opsonic role and was shown to enhance the uptake of mannose-rich pathogens by PMN (17) . MBL binds to mannose-terminating oligosaccharides present in Leishmania lipophosphoglycan and acts as an activator of the complement cascade. Binding of MBL to the surface of Leishmania promastigotes provides an additional mechanism for the formation of C3b, which participates in the attachment to macrophages (15) . However, our results using MBL-deficient sera and purified MBL did not support a role for MBL opsonization in the serum-dependent uptake of L. major by PMN. Therefore, in addition to complement factors binding to CR3, heat-labile serum factors other than MBL are involved in the serum-mediated uptake of Leishmania by PMN.
We showed that PMN are able to phagocytose L. major promastigotes even under serum-free conditions. Although complement-mediated phagocytosis of bacteria by PMN in serum is considered important, studies have shown the nonopsonic uptake of bacteria by PMN in the absence of antibody and active complement (11, 13, 27) . Direct binding to the mannose receptor was reported to be involved in the serumindependent uptake of Leishmania by macrophages (44, 45) . Since PMN do not express the mannose receptor, the mechanism of Leishmania binding to PMN under serum-free conditions remains to be elucidated. In our studies, anti-CR3 MAb treatment inhibited not only the serum-dependent but also the serum-independent uptake of L. major by PMN, suggesting a role of CR3 in the nonopsonic recognition and uptake of L. major by PMN. Such a role of CR3 was shown to be involved in the opsonin-independent uptake of group B streptococci by PMN (1). The CR3-mediated nonopsonic recognition of L. major by PMN is possibly a result of the binding of Leishmania lipophosphoglycan and gp63 to CR3, as described previously (39) .
In the present study, the expression of activation markers and the intracellular production of reactive oxygen intermediates were analyzed in the context of the intracellular survival of Leishmania in PMN. Activation of the PMN oxidative burst was found to be associated with the elimination of intracellular parasites. This finding is in line with earlier reports that reactive oxygen intermediates are major mediators of intracellular killing of Leishmania in granulocytes (9, 26) . In the presence of fresh autologous serum, canine PMN were also reported to phagocytose and efficiently kill L. infantum promastigotes, and reactive oxygen radicals were suggested to be responsible for the killing (7). The survival of parasites after being taken up by PMN in medium containing heat-inactivated serum and in medium without serum supplement is consistent with the low level of activation and with the lack of oxidative burst induction in these cells.
Coincubation of PMN with L. major was found to result in the secretion of IL-8. Although IL-8 is secreted by a variety of cells including T lymphocytes, epithelial cells, keratinocytes, fibroblasts, and endothelial cells, neutrophils are the most abundant source of this chemokine. On the other hand, neutrophils are also the primary cellular target of IL-8; thus, IL-8 production can act as an amplifying loop of neutrophil granulocytes (14) . In addition to the chemotactic activity, IL-8 activates other cellular functions of PMN, such as phagocytosis (2) . The Leishmania-induced production of IL-8 by PMN is therefore likely to accelerate the recruitment of neutrophils to the site of infection and to facilitate the uptake of the parasites. Moreover, the chemotactic activity of IL-8 on T lymphocytes may play a role in the development of a T-cell-mediated immune response to the parasite. Whether the functional murine homologues of IL-8 (MIP-2 and KC) (12) are involved in the recently described granulocyte-dependent promotion of a Th2-dominated response in mice (38) remains to be elucidated.
Since mononuclear phagocytes are a major source of several cytokines, it was important to exclude the possibility that monocyte contamination could account for the release of IL-8 attributed to PMN. The high purity (Ͼ99%) argues against this 2  I  2  3  72  11  85  211  II  2  17  2  52  2  97  24  III  18  283  47  1,892  25  3,994  IV  41  349  65  2,433  85  3,438 a PMN were coincubated with L. major promastigotes at a PMN-to-parasite ratio of 1:5 for 2 and 24 h at 37°C in RPMI 1640 medium supplemented with either 20% fresh autologous serum or 20% heat-inactivated FCS. The IL-8 content of the culture supernatants was determined by ELISA.
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possibility. Additional evidence for the purity of the PMN population was the absence of IL-6 mRNA (data not shown), which is readily detectable in monocyte but not in PMN preparations (3). The results presented here show that serum-dependent phagocytosis of L. major leads to the rapid killing of intracellular parasites while the majority of intracellular parasites survived in PMN when the uptake of L. major occurred in the absence of heat-labile serum factors. These data suggest a possible dual role of PMN regarding the interaction with L. major parasites. On the one hand, by killing the intracellular parasites, PMN can play a role in the early defense against this pathogen. On the other hand, PMN may provide an intracellular milieu for the survival of the parasites within the first hours to days of infection. The survival of intracellular pathogens such as Leishmana in the host organism depends on phagocytic cells which recognize and internalize these microorganisms. They thus escape antimicrobial agents of immune and nonimmune origin in the surrounding milieu. The data presented here indicate that in addition to macrophages, neutrophil granulocytes can function as cells providing such a protective intracellular milieu for Leishmania. Indeed, morphologically intact Leishmania organisms were seen in PMN isolated from infected skin 24 h after infection. The parasites seen intracellularly in PMN isolated from the skin of mice after L. major infection did not show any morphological sign of damage. These data clearly indicate that although serum factors are expected to opsonize Leishmania promastigotes in vivo, opsonin-independent uptake leading to the "silent entry" of parasites into PMN occurs in the skin soon after infection. Complement activation by Leishmania membrane components was reported to lead to local complement depletion necessary for the pathology of Leishmania infection (16, 29) . Therefore, a local exhaustion of complement after Leishmania infection can provide a milieu for the complement-independent uptake of the parasites by PMN, leading to a prolonged survival of the parasites.
Myeloid cells have long been thought to serve as "safe targets" for the survival of Leishmania (21). Since L. major can survive in PMN after nonopsonic phagocytosis, these cells can serve as safe targets within the first hours to days after infection. This is in line with the view that the rapid uptake of Leishmania promastigotes by leukocytes early after infection is the parasite's earliest survival strategy (10) .
